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Topics

• Exterior orientation
– Stable interlock angles
– Minor update improves accuracy

• Interior orientation
– Stable Field Angle Map (FAM)
– Minor update improves multi-image block adjust accuracy

• Case studies
– RPC Block Adjust
– Digital Elevation Model (DEM)



Interior & Exterior Orientation
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Accuracy Test without GCP
• MTF target

is check point.
• Interlock angles

– Camera to
body angles

– Adjusted 1/31/02
• +4.5 uR Pitch
• -2.5 uR Roll
• (1 uR ~ 0.8 m)

– After adjustment
• 10 uR CE90 ~ 8m CE90 

– Older orders meet specs.
– Newer orders are better.

Historical Interlock Angle Adjustment Tests
Circle = 10uR ~ 8m
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History of pitch angle tests

Pitch Interlock, uR
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Note small variation and lack of historical trends.

Initialization



History of roll angle tests

Roll Interlock, uR
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Calibration of Interior Orientation

Residual - Line
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Calibration Updates
• Interior Orientation (Field Angle Map)

– Nov 19, 2001
– Improved accuracy ~ 2 meters/strip.

• Exterior Orientation (Interlock Angles)
– Jan 31, 2002
– Improved accuracy w/o GCP by ~ 4 meters.

• Modulation Transfer Function Compensation
– Jan 18, 2002
– Corrected transpose of kernel coefficients (imperceptible)

• Calibration Updates
– Updates apply to all image collection dates.
– Effectivity determined by creation date.
– Older products meet all specification requirements.
– Newer products will be slightly better.



Case Study: 6 Stereo Pair, 60 GCP
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• Processed with 
one GCP.

• Remaining GCP 
test accuracy.



Old FAM, 1 GCP

   Latitude  Longitude  Height  Str. Line
 (meters) (meters) (meters) (meters)
 Mean 0.45 1.66 0.74 4.98
 Std. Dev.(68) 0.79 5.51 1.65 2.95
 Std. Dev.(90) 1.3 9.06 2.71 4.85
 Maximum 1.98 11.86 4.57 11.86
 Minimum -1.33 -6.71 -2.47 0.2
Points: 60

CE90 = 8.6 m



New FAM, 1 GCP

   Latitude  Longitude  Height  Str. Line
 (meters) (meters) (meters) (meters)
 Mean 0.61 -0.02 -0.06 1.13
 Std. Dev.(68) 0.67 0.86 1.62 0.51
 Std. Dev.(90) 1.1 1.41 2.66 0.83
 Maximum 2.24 1.92 3.38 2.72
 Minimum -1.29 -1.85 -3.78 0.23
Points: 60

CE90 = 1.8 m



RPC Image Adjustments

20000508-17938 -2.6 -0.9

20000508-17940 -7.3 -5.4

20000621-12351 -5.8 -7.6

20000621-12352 1.5 -2.2

20010325-05276 -7.6 -2.3

20010325-05275 0.3 3.9

20010325-05273 6.0 5.9

20010325-05274 -1.4 2.7

20010314-28951 0.0 1.2

20010314-28952 1.2 1.5

20010314-28949 1.0 4.5

20010314-28950 -1.9 2.2

AVG = -1.4 m AVG = 0.3 m

Source ID X Y• Table shows RPC block 
adjustment offsets.

• Offsets
– Small (< 8m)
– ~Random

• Residual errors
– Small (< 2m)
– Random



Case Study – Stereo Elevation
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StatusImages

Original DEM had 15 meter bias.
New DEM should have 3.5m bias.
Production procedures corrected.



Summary

• Stable Interior & Exterior Orientation
• Calibration improvements

– Small adjustments
– Past products met specifications
– Future products slightly better

• Process improvements
– Space Imaging Proprietary

• RPC Block Adjustment
– Replacement Camera Model
– NIMA Block Adjust Study
– Articles at ASPRS 2002 and in PERS


